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MAGNETIC FIELD MAPPING OF 1.3 GHz SUPERCONDUCTING RADIO
FREQUENCY NIOBIUM CAVITIES*
I. Parajuli†, G. Ciovati 1, J. Delayen, A. Gurevich, Old Dominion University, Norfolk, USA
1
also at Jefferson Lab, Newport News, USA
Abstract
Niobium is the material of choice for building superconducting radiofrequency (SRF) cavities, which are fundamental building blocks of modern particle accelerators.
These cavities require a cryogenic cool-down to 2 – 4 K for
optimum performance minimizing RF losses on the inner
cavity surface. However, temperature-independent residual losses in SRF cavities cannot be prevented entirely.
One of the significant contributors to residual losses is
trapped magnetic flux. The flux trapping mechanism depends on different factors, such as surface preparations and
cool-down conditions. We have developed a diagnostic
tool: a magnetic field scanning system (MFSS) using Hall
probes and anisotropic magneto-resistance sensors to study
the spatial distribution of trapped flux in 1.3 GHz singlecell cavities. The first results from this newly commissioned system revealed that the trapped flux on the cavity
surface might redistribute with increasing RF power. The
MFSS was also able of capturing significant magnetic field
enhancement at specific cavity locations after a quench.

EXPERIMENTAL SETUP
AND PROCEDURE
Figure 1(a) shows the experimental setup of MFSS. It
consists of two brackets supported by a rotating gear system. The gear system is driven by a stepper motor connected to a rotary feedthrough outside the cryostat and allows moving the brackets one full turn in either direction
around the cavity. Limit switches are installed to determine
the initial and final positions. The angular resolution of the
system is 6.8 × 10-3 degrees, corresponding to 13 µm. The
initial design of the MFSS made use of a cryogenic stepper
motor on each bracket to allow moving the sensors along
the cavity contour in the vertical direction [12]. However,
the movement of the sensors below ~100 K was unreliable,
and we opted for a fixed number of sensors in each bracket.
One bracket holds eight Hall probes (HPs) as shown in Fig.
1(c), such that they can measure the radial magnetic field

INTRODUCTION
Superconducting radio frequency (SRF) cavities are fundamental building blocks of modern particle accelerators.
Niobium (Nb) is an elemental superconductor that is most
commonly used to build SRF cavities, which operate at liquid helium temperature, 2-4 K. By operating them at such
low temperatures the surface resistance due to quasiparticle oscillation under an RF field can be significantly reduced. However, temperature-independent surface resistance referred to as residual resistance is also present,
limiting the maximum achievable quality factor, Q0, of
SRF cavities. There are several contributors to the residual
losses [1, 2]. A significant one is magnetic flux trapped on
the cavity surface. To understand the contribution of
trapped flux on residual resistance a diagnostic tool is in
high demand. We have designed, developed, and commissioned a magnetic field scanning system (MFSS) that can
be used to study trapped flux in SRF cavities. MFSS was
developed to use two types of magnetic field sensors: a)
Hall probes and b) Anisotropic magnetoresistive (AMR)
sensors. Details about the AMR sensor can be found in references [3-10]. The choice of sensors in the MFSS setup is
discussed in Ref. [11]. In this contribution, we will discuss
the initial results of the newly commissioned MFSS.
___________________________________________
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Figure 1: MFSS setup assembled on a 1.3 GHz niobium
cavity along with Helmholtz coils (a), AMR sensors attached on a bracket (b), and Hall probes attached on another bracket (c).
on the cavity surface. The other bracket consists of sixteen
AMR sensors as shown in Fig. 1(b). Out of sixteen AMR
sensors, eight AMR sensors can detect the tangential component of the magnetic field (AMRt), and the remaining
eight can measure the radial component of the magnetic
field on the cavity surface (AMRr). Each AMRr sensor is
~3 mm away from the corresponding AMRt sensor. The
sensors are located in the high RF magnetic field region of
the cavity, with sensor No. 1 being the farthest below the
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equator and sensor No. 8 being the farthest above the equator. The sensors make a spring-loaded contact with the cavity, in order to measure the magnetic field at the cavity surface. To measure Hall voltage from Hall probes, an 8-channel, 24-bit data acquisition module (USB2AD, AREPOC,
Slovakia) was used, whereas a 16-channel data acquisition
unit (model 2701 digital multimeter with a model 7701
low-voltage multiplexer, Keithley Instruments, USA) was
used to measure the voltage from the AMR sensors. More
details about both sensors can be found in reference [11].
The experimental procedure was as follows:
• Prepare the cavity and assemble it in the cleanroom.
• Assemble the MFSS on the cavity and cool to ~10
K > Tc. Measure sensors offset voltages in low
ambient DC magnetic field, Ba ~ 3 mG.
• Apply Ba up to 115 mG with Helmholtz coils and
cool down to 4.3 K with ΔT~5 K along the cavity
axis (“fast” cool-down) or ΔT~0.15 K along the
cavity axis (“slow” cool-down).
• After the cavity is immersed in LHe, reduce Ba to
~0.5 mG and measure a magnetic field map of the
cavity surface (“B-scan”).
• Reduce the He bath temperature to 2 K, while
measuring Q0(T) at a low RF field.
• Measure a baseline B-scan at 2 K with no RF field
in the cavity.
• Measure Q0(Eacc) at 2 K and perform a B-scan at
5 MV/m, 20 MV/m, and close to the maximum
Eacc.

RESULTS
The cavity being tested is a 1.3 GHz single-cell cavity of
the TESLA shape [13], made of high purity large-grain Nb.
Eight RF tests were conducted during this study, four after
slow cool-down, and four after fast cool-down.
Figure 2 shows the plots of residual resistance versus applied magnetic field. Following Eqs. (2) and (3) of Ref.
[14], the flux trap sensitivity was found to be 0.28 nΩ/mG,
and the trapping efficiency was found to be 29%.
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Figure 3 shows Q0 as a function of the accelerating gradient, Eacc. All RF tests were limited by the high-field Qslope [15, 16] up to ~33 MV/m, corresponding to a peak
surface magnetic field of ~136 mT. Multipacting between
18 and 22 MV/m was found in some of the tests. In one
instance, (RF test after slow cool with 110 mG), the cavity
was quenched during testing due to becoming partly uncovered from the liquid helium. During the quench event,
there were no field emission.
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Figure 3: Quality factor (Q0) versus accelerating gradient
(Eacc) recorded during high-power RF tests at 2 K after fast
cool-down (empty symbols) and after slow cool-down
(solid symbols).
The change in a magnetic field (ΔB) relative to the initial
value, without any RF field in the cavity at a certain location measured as a function of the peak surface RF magnetic field (Bp/Eacc = 4.12 mT/(MV/m)) is shown in Fig. 4.
From Fig. 4, it is clear that the change in the magnetic
field (ΔB) varies with changing accelerating gradient.
Figure 5 shows the magnetic field measured by HP8 and
AMR8 just after the cavity quenched. At ~325o, all three
sensors detected significant enhancement in the magnetic
field. We suspect that the location with high trapped flux
after quench corresponds to the quench location.
Figure 6 shows the change in magnetic field distribution
at 5, 20, and 30 MV/m compared to 0 MV/m. In Fig. 6(d),
we see that the magnetic field detected by HP8 near 320o
is significantly high after the quench, compared to other
parts of the cavity surface and at the beginning of the RF
test. Comparing Fig.6 (a), (b), and (c) there seems to be a
local re-distribution of the trapped flux with increasing RF
field. The average total trapped flux measured by the Hall
probes was 81.5 ± 2.3 mG, 81.2 ± 1.8, and 81.7 ± 1.5 mG
at 5 MV/m, 20 MV/m, and 30 MV/m, respectively.

100
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Figure 2: Residual resistance versus applied magnetic
field. Solid and dashed lines are weighted linear fits to the
corresponding data.
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Figure 4: Change in the magnetic field (ΔB) measured by
Hall Probes (top plot), AMR radial (middle plot), and
AMR tangential (bottom plot) sensors versus Bp at selected
locations, identified by the pair (sensor number, θ).
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Figure 6: Change in radial magnetic field ΔB measured by
Hall probes versus azimuthal angle θ measured at (a) 5
MV/m, (b) 20 MV/m, (c) 30 MV/m, and (d) zero RF power
after the quench. The measurements were made at 2 K after
a slow cool-down in an applied field of ~115 mG.
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We have designed, developed, and commissioned a new
tool to study trapped flux in SRF single-cell cavities. The
initial results of the MFSS applied to a large-grain Nb cavity suggest that the flux trapped at the cavity surface may
redistribute with an increasing RF field. Also, most of the
trapped flux moved to a specific location of the cavity after
the cavity was quenched. In near future, we are planning to
perform systematic studies of the different cavities with
different treatments.
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Figure 5: B-field measured by HP8, AMRt8, and AMRr8
along the cavity surface after a quench.
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